Optimization of a PV-wind-Diesel Hybrid System for a Remote Stand-alone Application  by Bianchini, Alessandro et al.
1876-6102 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of ATI 2014
doi: 10.1016/j.egypro.2015.12.068 
 Energy Procedia  81 ( 2015 )  133 – 145 
ScienceDirect
$EVW
+\EU
JHQH
DSSUH
WKHR
,WDO\
FRQIL
KLJKO
D UHG
V\VWH

3HHU
Keyw
,Q
:
VPDO

&
E
WK&R
2SWLPL
a Depart
b ICC
UDFW
LG V\VWHPV DUH
UDWRUV,QSDUWLF
FLDWHG,QWKHV
SWLPXPFRQILJ
 7KH V\VWHP
JXUDWLRQ ,Q SD
LJKWLQJWKHH[L
XFWLRQRI WKH I
PFRXOGSURYLG
7KH$XWKRU
UHYLHZXQGHUU
ords: +\EULGHQH
WURGXFWLRQ
LWKLQWKHDZD
OVWDQGDORQH

RUUHVSRQGLQJDXW
-mail address:OR
QIHUHQFHRI
]DWLRQR
$OHVVDQGU
(Q
ment of Industria
OM-CNR, Consi
 DQ LQWHUHVWLQJ
XODUWKHSRVVL
WXG\DVL]LQJ
XUDWLRQRIDK\
ZDV RSWLPL]HG
UWLFXODU WKH RS
VWHQFHRIDQRS
XHOFRQVXPSWL
HQRWDEOHPRQH
V3XEOLVKHGE\
HVSRQVLELOLW\R
UJ\V\VWHPSKRW
UHQHVVWRDP
DSSOLFDWLRQVL
KRU7HO
UHQ]RIHUUDUL#LF
WKH,WDOLDQ
ID39Z
VWDQ
R%LDQFKLQ
QLR$QWRQ
l Engineering, U
glio Nazionale d
 VROXWLRQ IRU WK
ELOLW\RILQFOXG
VWUDWHJ\EDVHG
EULG39ZLQG
 EDVHG RQ WKH
WLPDO VROXWLRQ
WLPL]HGHQHUJ\
RQDQG WKHHQJ
\DQGSROOXWLRQ
(OVHYLHU/WG
IWKH6FLHQWLILF
RYROWDLFSDQHOV
RUHUDWLRQDOX
VLQFUHDVLQJO\
ID[
FRPFQULW
7KHUPDO0
LQGGLH
GDORQH
LD1LFFRO
LR&DUQHY
niversità degli S
elle Ricerche, Vi
H HOHFWULILFDWLR
LQJUHQHZDEOH
RQDORQJWHUP
GLHVHOVWDQGDO
 PD[LPXP OR
ZDV QRW WKDW
PL[EHWZHHQW
LQH WUDQVLWRU\X
VDYLQJVIRUD
&RPPLWWHHRI$
ZLQGEDWWHU\VWD
VDJHRIHQHUJ
VWXGLHG

DFKLQHV(Q
VHOK\E
DSSOLFD
z0DJQHOO
DOHD/RUHQ
tudi di Firenze, V
a Madonna del P
Q RI LVRODWHG
HQHUJ\VRXUFH
HQHUJ\SURGX
RQHV\VWHPZ
QJWHUP VDYLQ
LQFOXGLQJ WKHP
KHWKUHHVRXUFH
VDJH$FFRUGL
UHPRWHFRQVXP
7,
QGDORQHUHPRWH
\WKHLQWHJUD

JLQHHULQJ$
ULGV\VWH
WLRQ
LD*LRYDQQ
]R)HUUDUL
ia di Santa Mart
iano 10, 50019 S
FRQVXPHUVZK
VSDUWLFXODUO\Z
FWLRQFRVWDQDO\
KLFKZDVWHVWHG
J ZLWK UHVSHFW
D[LPXP DOORZ
V$FFXPXODWLR
QJ WR WKHSUHVH
HUZLWKUHVSHFW
XVHURSWLPL]DWL
WLRQRIUHQHZ
VVRFLDWLRQ
PIRUD
L)HUUDUDD
E
a 3, 50139 Firen
esto Fiorentino (
LFK RIWHQPDNH
LQGDQG39L
VLVZDVGHYHOR
RQDQLVRODWHG
 WR D FRQYHQW
HG FRQWULEXWLR
QEDWWHULHVZHU
QW UHVXOWV DSU
WRDGLHVHORQO
RQGLHVHOJHQHUD
DEOHHQHUJ\V
$7,
UHPRWH
ze (Italy) 
Italy)  
 XVH RQO\ RI
VEHLQJLQFUHDV
SHGDEOHWRS
PRXQWDLQFKD
LRQDO GLHVHO H
Q IURP UHQHZ
HDOVRDEOHWRLQ
RSHUO\ VL]HGK
\FRQILJXUDWLRQ
WRU
RXUFHVLQPHG
GLHVHO
LQJO\
UHGLFW
OHWLQ
QJLQH
DEOHV
GXFH
\EULG

LXP
Available online at www.sciencedirect.com
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of ATI 2014
134   Alessandro Bianchini et al. /  Energy Procedia  81 ( 2015 )  133 – 145 
1RPHQFODWXUH
A $UHDRIWKHVRODUSDQHOV >P@
b &RVWFRHIILFLHQWRIWKHPDMRUHOHFWURQLFGHYLFHV >¼N:@
cf )XHOSULFH >¼O@
CN /RQJWHUPFRVWV >¼@
ef 2LOSULFHHVFDODWLRQUDWH >@
FCn )L[HGPDLQWHQDQFHDQGRSHUDWLRQFRVWV >¼@
G ,UUDGLDQFH >:P@
hDG 'LHVHOJHQHUDWRURSHUDWLRQDOKRXUV >K@
IC0 7RWDOLQVWDOODWLRQFRVWV >¼@
ICBAT ,QVWDOODWLRQFRVWVRIWKHEDWWHU\EDQN >¼@
ICDG ,QVWDOODWLRQFRVWVRIWKHGLHVHOJHQHUDWRU >¼@
ICELEC ,QVWDOODWLRQFRVWVRIWKHHOHFWULFGHYLFHV >¼@
ICPV ,QVWDOODWLRQFRVWVRIWKHSKRWRYROWDLFV\VWHP >¼@
ICWIND ,QVWDOODWLRQFRVWVRIWKHZLQGWXUELQH >¼@
lifeDG (VWLPDWHGOLIHRIWKHGLHVHOJHQHUDWRU >K@
LTS /RQJWHUPVDYLQJV >¼@
m &RHIILFLHQWRIIL[HGPDLQWHQDQFHDQGRSHUDWLRQFRVWV >@
Mf $QQXDOIXHOFRQVXPSWLRQ >O\HDU@
nBAT (VWLPDWHGOLIHRIWKHEDWWHU\EDQN >\HDUV@
PDG 5DWHGSRZHURIWKHGLHVHOJHQHUDWRU >N:@
PPV $FWXDOSRZHURIWKHSKRWRYROWDLFV\VWHP >N:@
PPVnom 1RPLQDOSRZHURIWKHSKRWRYROWDLFV\VWHP >N:@
PREN $FWXDO3RZHURIUHQHZDEOHUHVRXUFHV >N:@
PUSER &RQVXPHUSRZHUGHPDQG >N:@
PW $FWXDOSRZHURIWKHZLQGWXUELQH >N:@
PWnom 1RPLQDOSRZHURIWKHZLQGWXUELQH >N:@
Q $FWXDOEDWWHU\FKDUJH >$K@
QMAX 7RWDOFDSDFLW\RIWKHEDWWHU\EDQN >$K@
QMIN 'HSWKRIGLVFKDUJHRIWKHEDWWHU\EDQN >@
Tm 7HPSHUDWXUHRIWKHSKRWRYROWDLFPRGXOH >&@
VCBAT 9DULDEOHPDLQWHQDQFHDQGRSHUDWLRQDOFRVWVRIWKHEDWWHU\EDQN >¼@
VCDG 9DULDEOHPDLQWHQDQFHDQGRSHUDWLRQDOFRVWVRIWKHGLHVHOJHQHUDWRU >¼@
VCn 9DULDEOHPDLQWHQDQFHDQGRSHUDWLRQFRVWV >¼@
Į &RVWSHUN:RIWKHSKRWRYROWDLFV\VWHP >¼N:@
ȕ &RVWSHUN:RIWKHZLQGWXUELQH >¼N:@
Ȗ &RVWSHUN:RIWKHGLHVHOJHQHUDWRU >¼N:@
Ș 7RWDOHIILFLHQF\RIWKHSKRWRYROWDLFSDQHO >@
Șnom 1RPLQDOHIILFLHQF\RIWKHSKRWRYROWDLFSDQHO >@
Șrel 5HODWLYHHIILFLHQF\RIWKHSKRWRYROWDLFSDQHOV >@
Ȝ &RVWFRHIILFLHQWRIWKHPDMRUHOHFWURQLFGHYLFHV >¼N:@
ȟ &RVWFRHIILFLHQWRIWKHEDWWHU\EDQN >¼$K@
Ĳ &RVWFRHIILFLHQWRIWKHPDMRUHOHFWURQLFGHYLFHV >@
Ȧ &RVWFRHIILFLHQWRIWKHEDWWHU\EDQN >@

,QELOOLRQSHRSOHLQWKHZRUOGVWLOOKDGQRGLUHFWDFFHVVWRWKHHOHFWULFJULGDPRQJZKLFKVWLOOPLOOLRQ
LQ WKH (8 >@ 7KH GHFLVLRQ RI QRW EHLQJ JULGFRQQHFWHG LV FRPPRQO\ FRPSXOVRU\ HLWKHU GXH WR ORFDO HOHFWULFDO
QHWZRUNVFDUFLW\LQWKHDUHDHJWLQ\LVODQGVDQGPRXQWDLQDUHDVRUGXHWRWKHSURKLELWLYHO\KLJKFRQQHFWLRQFRVW
HJ ± ¼NP >@ ,Q WKHVH DSSOLFDWLRQV WKHPRVW FRPPRQ VROXWLRQ LV UHSUHVHQWHGE\GLHVHO JHQHUDWRUV
 Alessandro Bianchini et al. /  Energy Procedia  81 ( 2015 )  133 – 145 135
VL]HG
HQHU
SHDN
ZRUO
,Q
WHUP
:
UHPR
FRP
GHILQ
HQHU
&
,Q
LQRU
2.1.
7
DYDL
DSSU
7
WKHE
)LJ
NLWFK
,
FRQV
PDLQ

WRFRYHUXS
J\SRWHQWLDO I
V$VDFRQV
GPDQ\RIZ
SDUWLFXODUU
RIIXHODQGS
LWKLQ WKLVVFH
WH FRQVXPHU
SRVHGE\DG
LWLRQ RI DQ R
J\SURGXFWLRQ
DVHVWXG\
RUGHUWRYHUL
GHUWRGHILQH
The mountain
KHVHOHFWHGF
ODEOH LQ WHUP
R[LPDWHGWR
KHFKDOHWSUH
DVLVRIWKHS
 DQG FRQVLG
HQVRSHQWKU
Q RUGHU WR S
XPSWLRQV DQG
WHQDQFHRIWK
WRWKHDWWHQGH
RU UHQHZDEOH
HTXHQFH UHFH
KLFKLQFOXGHK
HFHQWVWXGLHV
ROOXWDQWVDYLQ
QDULR WKHDLP
 LQ ,WDOLDQ $
LHVHOJHQHUDWR
SWLPL]DWLRQ V
FRVWDQDO\VLV
I\WKHIHDVLEL
LWVHQHUJ\GHP
 chalet 
DVHVWXG\ZD
V RI ORDG S
PDQGLWV
VHQWO\VDWLVILH
HDNHQHUJ\FR
HUHG FRQVWDQ
HHWLPHVDGD\
URYLGH DQ R
 WKH DWWHQGHG
HSUHVHQWGLHV
7DE
/RDG
'DLO
$QQ
'LHV
/RQ
GSHDNFRQVX
V HVSHFLDOO\
QWH[SHULHQF
\EULGV\VWHP
>@KDYHVK
JVDVWKHIRVV
RI WKHSUHV
OSV XQGHU WKH
U39SDQHOV
WUDWHJ\ IRU WK

OLW\RIWKHK\E
DQG
VDUHPRWHP
URILOH DQG J
YROXPHWR
VLWVHQHUJ\F
QVXPSWLRQR
W WKURXJKRXW
HOHFWULFOLJ
YHUYLHZ RI W
 RSHUDWLQJ F
HOJHQHUDWRU
)
OH$JJUHJDWHO
SURILOHSHDN
\HOHFWULFLW\FRQV
XDOHOHFWULFLW\FR
HOFRQVXPSWLRQ
JWHUPFRVW\
PSWLRQRIWKH
ZLQG DQG VRO
HVRISODQQHG
VHJ>@LQW
RZQWKDWDSU
LOIXHOJHQHUD
HQWVWXG\ZDV
 SUHFRQGLWLRQ
DZLQG WXUE
H GHILQLWLRQ
ULGHQHUJ\V\
RXQWDLQFKDOH
OREDO FRQVXP
PURRPV
RQVXPSWLRQV
IDSSUR[LPDWH
WKH \HDU LV F
KWLQJDQGJXH
KH JOREDO HQ
RVW RI WKH V\
N:PD[
LJ'DLO\ORDG
RDGGDWD
XPSWLRQ
QVXPSWLRQ
HDUV
XVHU,QPDQ
DU SRZHU LV
JOREDO UXUDO
HJUDWLQJIRVV
RSHUO\VL]HG
WRULVXVHGP
 WRYHULI\ WK
 RI D UDWLRQ
LQHDQGDEDW
RI WKHPRVW
VWHPDSURSH
WORFDWHGLQWK
SWLRQV >@ ,
SOXVFRPPR
E\PHDQVRID
O\N:7
KDUDFWHUL]HG
VWVIDFLOLWLHV
HUJ\ GHPDQ
VWHP LQ D WHQ

SURILOHRIWKHXVH





\RIWKHVHLVR
YHU\ DWWUDFWLY
HOHFWULILFDWLRQ
LOIXHOVDQGUH
V\VWHPFRXOG
DLQO\WRFRPS
HIHDVLELOLW\R
DO LQYHVWPHQW
WHU\EDQN ,Q
HIIHFWLYH HQH
UFDVHVWXG\Z
H,WDOLDQ$OS
Q WKH VWXG\
QVSDFHV
GLHVHOJHQHU
KHGDLO\ORDG
E\D KLJK HOH
G 7DEOH  U
\HDUV SHULRG
U
>N:@
>N:K@
>N:K@
>O\HDU@
>¼@
ODWHGLQVWDOODW
H HJ VHD LV
SURJUDPVFD
QHZDEOHHQHUJ
SURYLGHDWWUD
HQVDWHVKRUWW
IDK\EULGHQ
 FRVW 7KH K
SDUWLFXODU WK
UJ\PL[ EDVH
DVILUVWLGHQW
VIRUZKLFK
 WKH EXLOGLQ
DWRUZKLFKLV
SURILOHRIWKH
FWULFLW\ GHPD
HSRUWV WKH D
 GXH WR IXHO

LRQVKRZHYH
ODQGV RUPRX
QEH IRXQG L
LHV
FWLYHSURVSHF
UDQVLWRULHV
HUJ\V\VWHP
\EULG V\VWHP
HVWXG\ OHG W
G RQ D ORQJ
LILHGDQGDQDO
VSHFLILFGDWD
J SODQW DUHD
WKHUHIRUHVL]H
XVHUUHSRUW
QGPRVWO\ G
JJUHJDWHG HQ
FRQVXPSWLRQ
UWKH
QWDLQ
Q WKH
WVLQ
IRUD
 ZDV
R WKH
WHUP
\]HG
ZHUH
ZDV
GRQ
HGLQ
XH WR
HUJ\
 DQG
136   Alessandro Bianchini et al. /  Energy Procedia  81 ( 2015 )  133 – 145 
2.2.
%
*HR
WHP
SDUD
FRQ
LQZ
6
)
x $
x $
x $
x $
Meteorologic
DVHG RQ WKH
JUDSKLFDO ,QI
SHUDWXUHDQGW
7KHDYHUDJH
PHWHUW\SLFDO
VLGHUHGPHDQ
KLFKKRZHYH

\VWHPPRGHO
LJVFKHPDW
39SDQHOVV
QKRUL]RQWDO
GLHVHOJHQHU
%DWWHU\EDQ
al data 
 *36 ORFDWLR
RUPDWLRQ 6\V
XUELGLW\7KH
ZLQG VSHHG 
RIPRXQWDLQ
YDOXHRIWKHZ
UDSURSHUWX
)LJ
LQJ
L]HVWKHPRGH
WDFNRIQRPLQ
D[LVZLQGWXU
DWRURIUDWHGS
NRIWRWDOFDSD
Q RI WKH FK
WHP >@ZK
VRODULUUDGLDQ
)LJEZD
DUHDVDQ
LQGVSHHGZ
UELQHSRVLWLRQ
0HWHRURORJLFDO
ORIWKHK\EUL
DOSRZHUPPV
ELQHRIQRPLQ
RZHUPDGDE
FLW\QMAX
DOHW WKH VROD
LFK SURYLGHG
FHRIWKHVLWH
V LQVWHDG UHFR
GWKHDYHUDJ
DVPVFR
LQJFRXOGSUR
GDWDLQWKHVLWH
GHQHUJ\V\VW
nom
DOSRZHUPW
OHWRHQWLUHO\
)LJ+\EULG
U UDGLDWLRQ G
WKH SKRWRYRO
LVSUHVHQWHGL
QVWUXFWHGED
HZLQGVSHHG
UUHVSRQGLQJW
YLGHDQLQWHUH
D6RODULUUDGLDQ
HPZKRVHP
nom
FRYHUWKHSHD
HQHUJ\V\VWHP
DWD ZHUH WDN
WDLF SRWHQWLDO
Q)LJD
VHGRQD:HL
RIWKHVLWHWDN
RDQLQWHUPHG
VWLQJDQQXDO
FHE:LQGGLVW
DLQFRPSRQHQ
NORDG
HQ IURP 39
RI WKH VLWH D
EXOOGLVWULEXW
HQIURPWKH
LDWHZLQGHQH
HQHUJ\\LHOG
ULEXWLRQ
WVDUH

*,6 3KRWRY
FFRXQWLQJ IRU
LRQZLWK WKH
ZLQGDWODV>
UJ\SRWHQWLDO
ROWDLF
 ERWK
VKDSH
@7KH
FODVV

 Alessandro Bianchini et al. /  Energy Procedia  81 ( 2015 )  133 – 145 137
3.1.
,Q
WKURX

7
x )
x ,Q
FD
x 7
P
FK
P
Q
%
PL[
long
H[SH
LQFOX
WHUP
Z
FRVWV
FRP
Algorithm an
RUGHUWRRSW
JKDQDOJRULW
KHPDLQVWHSV
LUVWWKHQRPLQ
HDFKLQYHVWL
OFXODWHGE\V
KH SRZHU FRQ
USER ,IDQHQ
DUJHG 2WKH
REN<PUSER WK
>QMIN2QF
DVHGRQWKHD
IRU WKHSUHVH
 term saving
FWHG FRVWV FR
GHVWKHFDSLW
VDYLQJRIWKH
ICCN  
KHUHIC0LVWK
UHVSHFWLYHO\
SRQHQWV
PICIC  
d optimization
LPL]HWKHHQH
KPGHVFULELQJ
RIWKHDOJRULW
DOSRZHURXW
JDWHGPRPHQ
LPXOWDQHRXVO
WULEXWLRQV RI
HUJ\VXUSOXV
UZLVH WKH HQ
HEDWWHU\EDQ
HWKHEDWWHU\
OJRULWKPWKH
QW DSSOLFDWLRQ
s LTS RI HD
QQHFWHG WR WK
DOFRVWRI WKH
VWDQGDORQHV
n VCFC 
HLQVWDOODWLRQ
,QGHWDLOWK
WINDV IC 
 strategy 
UJ\PL[QHHG
WKHHQHUJ\I
KPFDQEHVX
SXWVRIWKHSK
WRIWKH\HDU
\WDNLQJLQWR
 UHQHZDEOH H
RFFXUVLHP
HUJ\ PXVW E
N LVXVHG WR
GHSWKRIGLVFK
VL]HVRIWKHH
 ,QGHWDLO WK
FK VROXWLRQ
H GLHVHO JHQH
HTXLSPHQWP
\VWHPFDQEH
n 
FDSLWDOFRVW
HWRWDOLQVWDOOD
EDG ICIC 
HGWRVDWLVI\
OX[HV)LJ
)LJ&RQWU
PPDUL]HGDV
RWRYROWDLFV\
WKHDFWXDOSR
DFFRXQWWKHVR
QHUJ\ VRXUFH
REN>PUSER W
H GLVVLSDWHG
FRYHU WKHGHI
DUJHRI
QHUJ\VRXUFH
HRSWLPL]DWLR
E\ FRPSDULQJ
UDWRU RQO\ L
DLQWHQDQFHD
ZULWWHQDV(
FCnDQGVC
WLRQFRVWIC0
BATLEC IC
WKHORDGWKH

RODOJRULWKP
IROORZV
VWHPPPVnomDQ
ZHURIWKH39
ODULUUDGLDQFH
V DUH WKHQ FR
KLVVXUSOXV LV
 2Q WKH RWK
LFLWXQWLO WKH
LVUHDFKHGWK
VFDQEHWKHQ
QZDVEDVHG
 WKH ORQJ WH
H WKH DFWXDO
QGRSHUDWLRQ
T
nDUHWKHIL[HG
(TWDNHV
VWDQGDORQHK
GRIWKHZLQG
V\VWHPPPV
WKHWHPSHUD
PSDUHG ZLWK
VWRUHGLQWRW
HU KDQG LI
FKDUJH LVKLJ
HGLHVHOJHQHU
YDULHGLQRUG
RQDQHFRQR
UP FRVW RI WK
FRQILJXUDWLRQ
FRVWV,QDQ
DQGWKHYDUL
LQWRDFFRXQWW
\EULGV\VWHP

WXUELQHPWno
DQGRIWKHZ
WXUHDQGWKHZ
 WKH FRQVXPH
KHEDWWHU\ED
DQ HQHUJ\ G
KHU WKDQ LWVG
DWLRQLVDFWLYD
HUWRGHILQHW
PLFDQDO\VLV
H K\EULG VRO
 >@7KH OR
n\HDUV¶ WLPH
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HILFLW RFFXUV
HSWKRIGLVFK
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 WR
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KRUL]RQ WKH
QFHDQGRSHU
WRIDOOWKHV\
HOHG
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ZKHUH ICPV LV WKHSKRWRYROWDLFSDQHOV LQVWDOODWLRQFRVW ICWIND LV WKHZLQG WXUELQH LQVWDOODWLRQFRVW ICDG LV WKH
GLHVHO JHQHUDWRU LQVWDOODWLRQ FRVW ICELEC LV WKH HOHFWURQLF FRPSRQHQWV LQVWDOODWLRQ FRVW DQG ICBAT LV WKH EDWWHULHV
LQVWDOODWLRQFRVW0RUHVSHFLILFDOO\IC0FDQDOVREHZULWWHQDV(T

PD[


ZW [OJED   QPbPPPPIC RINnomUSERpkDGWINDnomPVnom  
D ZKHUH Į ȕ DQG Ȗ DUH WKH LQVWDOODWLRQ FRVWV LQ ¼N: IRU WKH 39 V\VWHP WKH ZLQG WXUELQH DQG WKH GLHVHO
JHQHUDWRUUHVSHFWLYHO\3DUDPHWHUVȜ >¼N:@Ĳ >FRVW@DQGb>¼N:@UHIHUWRWKHHOHFWURQLFGHYLFHVLQVWDOODWLRQFRVWV
DQGGHSHQGRQWKHSHDNORDGFRQVXPSWLRQDQGWKHWRWDOQRPLQDOSRZHURIUHQHZDEOHV)LQDOO\IDFWRUVȟ >¼$K@DQG
Ȧ>FRVW@GHVFULEHWKHEDWWHU\EDQNSXUFKDVHFRVWVVHH5HI>@
7KHPDLQWHQDQFHDQGRSHUDWLRQIL[HGFRVWVDUHGHVFULEHGE\(T
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ZKHUHIDFWRUmUHSUHVHQWVWKHPDLQWHQDQFHDQGRSHUDWLRQFRVWVH[SUHVVHGDVDIUDFWLRQRIWKHLQVWDOODWLRQFRVWRI
WKHV\VWHPFRPSRQHQWVDQGgmLVWKHDQQXDOLQIODWLRQUDWHGHVFULELQJWKHDQQXDOFKDQJHVLQODERUFRVWDQGVSDUHSDUW
FRVWV>@,QWKHIRUPXODWLRQRI(TWKHIXHOFRQVXPSWLRQFRVWLVDOVRFRQVLGHUHGZKLFKGHSHQGVRQWKHFXUUHQWIXHO
SULFHcfWKHDQQXDOIXHOFRQVXPSWLRQMfDQGWKHRLOSULFHHVFDODWLRQUDWHef
)LQDOO\WKHYDULDEOHPDLQWHQDQFHDQGRSHUDWLRQFRVWVDUHJLYHQE\(T
BATDGn VCVCVC    
ZKHUH VCDG DQG VCBAT DUH WKH YDULDEOH PDLQWHQDQFH FRVWV RI WKH GLHVHO JHQHUDWRU DQG WKH EDWWHU\ EDQN
UHVSHFWLYHO\ 7KHVH FRVWV KDYH D GLVFRQWLQXRXV QDWXUH LH WKH\ LPSDFW RQ WKH V\VWHP RQO\ZKHQ WKH OLIHWLPH RI
FRPSRQHQWVLVUHDFKHG$FFRUGLQJWR5HI>@WKH\FDQEHZULWWHQDV(TVDQG
DGDGDGDGDG ICVClifehifVC  z RWKHUZLVH  
BATn
BATBATBATBAT i
gICVCnnifVC ¸
¹
·¨
©
§

 z 

RWKHUZLVH  
ZKHUHhDGDUHWKHGLHVHOJHQHUDWRURSHUDWLRQDOKRXUV lifeDGDQGnBAT WKHHVWLPDWHGGLHVHOJHQHUDWRUDQGEDWWHU\
EDQNOLIHWLPHUHVSHFWLYHO\7KHVHOHFWHGSDUDPHWHUVIRUWKHHFRQRPLFDQDO\VLVDUHUHVXPHGLQ7DEOH>@
3.2. PV panels 
,QYLHZRID39SDQHOVLQVWDOODWLRQDQDYDLODEOHDUHDHTXDOWRWKHFRUUHFWO\H[SRVHGKDOIRIWKHFKDOHWURRIZDV
FRQVLGHUHG PZLWK LWVRZQ LQFOLQDWLRQRI7KHSRZHUFRPLQJIURP39SDQHOVZDVFDOFXODWHGZLWK WKH
PRGHOGHYHORSHGE\6XULHWDO LQRUGHU WRFUHDWH  WKHRQOLQHGDWDEDVH39*,6>@7KHDFWXDOSRZHURI WKHSDQHOV
GHSHQGVRQWKHLUUDGLDQFHDQGWKHUHDOPRGXOHHIILFLHQF\ZKLFKLVDIXQFWLRQRILUUDGLDQFHDQGPRGXOHWHPSHUDWXUH
DQGLVJLYHQE\(T
 mrelnommPV TGGATGGAtP KKK     
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7DEOH(FRQRPLFSDUDPHWHUV
'HVFULSWLRQ 6\PERO 9DOXH
39SDQHOVLQVWDOODWLRQFRVW Į >¼:@
:7LQVWDOODWLRQFRVW ȕ >¼:@
'*LQVWDOODWLRQFRVW Ȗ >¼N:@
3DUDPHWHUVXVHGIRUWKHGHWHUPLQDWLRQRIWKHPDMRUHOHFWURQLF
GHYLFHV
Ȝ >¼N:@
Ĳ 
b >¼N:@
3DUDPHWHUVXVHGIRUWKHGHWHUPLQDWLRQRIWKHEDWWHU\EDQNFRVW
ȟ >¼$K@
Ȧ 
)L[HG0	2FRVWVH[SUHVVHGDVDIUDFWLRQRILQLWLDOFDSLWDO m 
$QQXDOLQIODWLRQUDWH gm 
5HWXUQRQLQYHVWPHQWLQGH[ i 
2LOSULFHDQQXDOHVFDODWLRQUDWH ef 
,QLWLDOIXHOSULFH cf >¼O@

ZKHUHG LV WKH LUUDGLDQFHA WKH DUHD RI WKH 39PRGXOHV DQG Ș WKH UHDOPRGXOH HIILFLHQF\ 7KH UHDOPRGXOH
HIILFLHQF\FDQEHH[SUHVVHGE\WKHQRPLQDOHIILFLHQF\ȘnomGHFODUHGE\WKHPDQXIDFWXUHUDQGWKHUHODWLYHHIILFLHQF\
ȘrelGHSHQGLQJRQWKHLUUDGLDQFHDQGWKHPRGXOHWHPSHUDWXUH
7KHSHDNSRZHURIWKHSKRWRYROWDLFV\VWHPFDQEHWKHQH[SUHVVHGE\(T
nomPVnom AP K   
&RXSOLQJ(TDQGWKHDFWXDOSRZHUFDQEHZULWWHQDVLQ(T
 mPVnomPV TGPGtP K   
LHWKHDFWXDOSRZHUPPVFDQEHFDOFXODWHGDWHDFKLQVWDQWZKHQWKHLUUDGLDQFHRIWKHVLWHWKHSHDNSRZHURIWKH
SKRWRYROWDLFV\VWHPDQGWKHUHODWLYHHIILFLHQF\RIWKHSDQHOVDUHNQRZQ3RO\FU\VWDOOLQHVLOLFRQSDQHOVZHUHVHOHFWHG
RIWKHSKRWRYROWDLFV\VWHPDQGDQRPLQDOHIILFLHQF\RIWKHSDQHOVRIZDVFRQVLGHUHG>@
3.3. Wind turbine 
,QRUGHUWRSHUIRUPWKHRSWLPL]DWLRQLQZKLFKPWnoPLVDYDULDEOHWKHSRZHUFRPLQJIURPWKHZLQGWXUELQHKDG
WREHSDUDPHWHUL]HGDVDIXQFWLRQRIERWKLQVWDQWDQHRXVZLQGVSHHGDQGWXUELQH¶VGLPHQVLRQV7RWKLVSXUSRVHWKH
SRZHUFXUYHVRIFRPPHUFLDOZLQGWXUELQHVKDYLQJQRPLQDOSRZHURXWSXWVLQWKHUDQJHEHWZHHQDQGN:
ZHUHFROOHFWHG>@DQGPDGHGLPHQVLRQOHVVE\GLYLGLQJWKHPVHOYHVIRUWKHLUUHODWLYHSHDNSRZHULHP/Pnom
%\GRLQJVRD VHQVLWLYLW\RI WXUELQHRXWSXWRQZLQGVSHHGZDVREWDLQHG>@$UHIHUHQFHSRZHUFXUYHZDV WKHQ
GHILQHG)LJDE\DYHUDJLQJWKHFRPPHUFLDOFXUYHV$VQRFRQVLVWHQF\ZDVIRXQGLQWKHFXWRXWVSHHGOLPLWD
FRQVHUYDWLYHVSHHGRIPVZDVVHOHFWHG7KLVDSSUR[LPDWLRQZDVDQ\KRZH[SHFWHGWRKDYHDYHU\SRRUHIIHFWRQ
WKHSRZHUHVWLPDWLRQVDVWKHIUHTXHQF\RIZLQGVSHHGVKLJKHUWKDQPVLQWKHVLWHZDVORZHUWKDQ
)LQDOO\EDVHGRQWKHXVHU¶VGLPHQVLRQDPD[LPXPZLQGWXUELQHSRZHURIN:ZDVDVVXPHG
3.4. Diesel generator 
7KHSRZHUFRQVXPSWLRQFXUYHRIWKHSUHVHQWN:GLHVHOJHQHUDWRUZDVGHULYHGIURP>@)LJEDQGXVHG
WRHVWLPDWH WKHFRQVXPSWLRQRI WKHHQJLQH LQGLIIHUHQWRSHUDWLRQDO FRQGLWLRQV)RU ORDGYDOXHV OHVV WKDQ WKH
PLQLPXPYDOXHRIJN:KZDVFRQVLGHUHG$OLIHWLPHRIKRXUVZDVFRQVLGHUHGIRUWKHGLHVHOJHQHUDWRU
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D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UHV KLJK UHO
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Optimization
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VRODUSRZHUV
SRZHUDQG
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D
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HGIRUWKHED
 ZKHUHDV 0
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WDWLRQUDWLRZ
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UHSRUWVWKHP
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02*$,, Z
PHWKRGV >@
DV
UXQ
DULHGIURP
VRODUSRZHU
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DWLRQ LQZKLF
DSRIWKHIH
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